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Abstract : Litter production, decomposition and nutrient release dynam¬ 
ics of Ochlandra setigera , a rare endemic bamboo species of Nilgiri 
biosphere were studied during 2011-2012 using the standard litter bag 
technique. Annual litter production was 1.981 t-ha _1 and was continuous 
throughout the year with monthly variations. Litterfall followed a tri¬ 
phasic pattern with two major peaks in November, 2011 and January, 
2012 and a minor peak in July, 2011. The rate of decomposition in O. 
setigera was a good fit to the exponential decay model of Olson (1963). 
Litter quality and climatic conditions of the study site (maximum tem¬ 
perature, monthly rainfall and relative humidity) influenced the rate of 
decomposition. Nutrient release from the decomposing litter mass was in 
rank order N = Mg > K = Ca > P. Nutrient release from litter was con¬ 
tinuous and it was in synchrony with growth of new culms. Study of 
litter dynamics is needed before introduction of a bamboo species into 
degraded or marginal lands or Agroforestry systems. 
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Introduction 

Litter production and decomposition dominate biogeochemical 
nutrient cycling in natural and plantation forests (Singh et al. 1999; 
Weltzin et al. 2005). Litter deposited on the forest floor acts as an 
input-output system of nutrients and the rates at which litter falls 
and decays are the main regulators of primary productivity, en¬ 
ergy flow and nutrient cycling in forest ecosystems (Bray and 
Gorham 1964). Plant litter acts as a temporary sink for nutrients 
and functions as ‘a slow release nutrient source’ (White 1988), 
thereby guaranteeing a permanent contribution of nutrients to the 
soil (Cuevas and Medina 1988). Even though litter constitutes 
only a portion of total biomass, it accounts for the major share of 
nutrients stored in organic matter (Enright 1979). Moreover, 
litterfall as a major component of net primary productivity may 
provide important information as a phenological indicator of 
climate change effects on forests (Hansen et al. 2009). 

Litter dynamics studies are reported to be very important in the 
nutrition budgeting on tropical ecosystems where vegetation 
depends on the recycling of the nutrients contained in plant debris 
(Prichett and Fisher 1987). In recent years, there has been a 
striking increase in the number litter dynamics studies. Most 
bamboo plantations are on nutrient-poor marginal lands where 
bamboo litter could play a role in recuperation of soil fertility. 
Bamboo plantations are reported to be attractive options for mar¬ 
ginal or degraded lands (Hunter 2003; Yang 2004). They im¬ 
proved the degraded sites by accumulating high amounts of soil 
organic matter through their decomposing leaf and abundant fine 
root litter (Das and Chaturvedi 2006). Ochlandra setigera Gamble 
is a bamboo species endemic to Nilgiri Biosphere Reserve which 
has to be conserved with higher priority due to restricted habitat 
and over-exploitation. Our study was designed to understand the 
production and decomposition of litter of O. setigera with the 
following objectives: (1) to investigate litter production dynamics 
(2) to investigate the pattern of litter mass loss; (3) to investigate 
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litter chemistry and decomposition dynamics of leaf litter; and (4) 
to investigate the pattern of nutrient release from leaf litter. 


Materials and methods 

Study species 

Ochlandra setigera Gamble is a perennial, gregarious small 
straggling bamboo species endemic to Nilgiri Biosphere Reserve 
of India with culms reaching a height of 5-8 m, diameter of 
1.5-2.2 cm and an internodal length of 23-35 cm. Its distribution 
is restricted to Malappuram and Palakkad districts of Kerala state 
and in Gudallur of Tamil Nadu at elevations of 600-1000 m 
(Kumar 2011). 

Study area 

The present investigation was conducted from June 2011 to May 
2012 at Pothukal station of Vazhikadavu range in Nilambur For¬ 
est Division, Kerala, India. The area has a warm humid climate, 
receiving rain from the southwest and northeast monsoons. 
Monthly averages of daily maximum temperatures during the 
study ranged from 29.4 to 35.6°C with hottest period in March 
and the minimum temperature ranged from 20.0 to 25.5°C with 
lowest temperature in January. Average monthly rainfall ranged 
from 0.0-459.7 mm with the highest rainfall occurring in June. 
Relative humidity ranged from 58%—85% with higher values 
during June and July. 

Methods 

Monthly litter production of O. setigera was captured using spe¬ 
cially designed litter traps made of bamboo baskets having di¬ 
ameter of 1 m and depth of 10 cm. Each bamboo culm were sur¬ 
rounded by five litter-traps and were fixed 25 cm above ground 
using wooden pegs. 

To study litter decomposition dynamics, we collected freshly 
abscised leaves during the February-March from the forest floor 
under the O. setigera canopy. Samples of air dried litter weigh¬ 
ing 20 g were placed in 15 cm x 15 cm nylon litter bags (2-mm 
mesh size) and 80 such bags were prepared. Litter bags were 
placed under the closed canopy of O. setigera on June 1, 2011. 
Five litter bags were retrieved at monthly intervals until 95% 
decomposition of the litter was observed. The residual material 
from the monthly retrieved litter bags was separated carefully 
from the adhering soil particles using a small brush. Litter sam¬ 
ples from each bag were oven dried at 70°C to constant weight. 

In order to estimate initial litter chemistry and chemistry of 
litter retrieved at each sampling period, litter samples were 
ground in a Wiley mill for chemical analysis. Total carbon was 
estimated using Euro vector (EA 3000) CHNS Elementar ana¬ 
lyser and nitrogen and phosphorus using continuous flow ana¬ 
lyzer (Skalar San++). Potassium was estimated using a flame 
photometer (ELICO) and calcium and magnesium were estimat¬ 
ed using an Atomic Absorption Spectrophotometer (VARIAN) 
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(Jackson 1973). Mass loss over time was computed using the 
negative exponential decay model (Olson 1963). The time re¬ 
quired for 50% (&o) and 99% (tw) decay was calculated as tso = 
0.693 Ik and t 99 = 5/k. Nutrient content of the litter was calculated 
using the formula. 
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where, N is percentage of nutrient remaining in the litter. C is the 
concentration of the element in litter at the time of sampling; Co 
is the concentration of element in the initial litter kept for de¬ 
composition; Dm is the mass of dry matter at the time of sam¬ 
pling and Dmo is the mass of initial dry matter kept for decompo¬ 
sition (Bockheim et al. 1991). The percentage of nutrient re¬ 
leased from the litter mass was calculated as 100-7V. 


Statistical analysis 

The data were subjected to one-way analysis of variance in SPSS 
16 and treatment means were compared using least significant 
difference (lsd) as necessary. Correlation and regression analysis 
also were carried out in SPSS 16. Litter decay constant was cal¬ 
culated using MS-Excel 2007. 


Results 

Litter deposition 

Average annual litter deposition of O. setigera from June 2011 to 
May 2012 was 1.981 t-ha' 1 . In general, litter deposition was 
spread throughout the study period with obvious monthly varia¬ 
tions in quantity (Fig. 1). Litter deposition followed a triphasic 
pattern with two major peaks in November 2011 and January 
2012 and a minor peak in July 2011. The litter production varied 
with season and during June to September 2011 (rainy season), 
October 2011 to January 2012 (winter) and February to May 2012 
(summer) it was 0.447, 0.765 and 0.769 t-ha' 1 , respectively. Litter 
deposition during rainy season was low, accounting for only 23% 
of total fall but during winter and summer seasons was at par. The 
highest monthly litter deposition occurred in February 2012 
(0.368 t ha' 1 ) followed by December 2011 (0.341 t ha' 1 ). Analysis 
of variance revealed significant differences in litter deposition by 
month at p <0.01 indicating the significant monthly variation 
litter production. 

Litter decomposition 

Mass loss (dry weight basis) during litter decomposition of O. 
setigera litter (Fig. 2) showed an initial rapid loss followed by a 
slower rate of loss towards the later part of decomposition. A 
negative exponential model 2 was fitted to the mass loss data. 

X/Xo=e- kt (2) 
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where, X is the litter mass at time t, Xo the initial litter weight, e is 
the base of natural logarithm and k is the decomposition rate 
constant. The exponential regression equation used to describe 
mass loss trough time was significant at one percent level (p = 
0.01). The rate of decomposition was a good fit to exponential 
decay model of Olson (1963). The regression model that depicted 
the progression of litter decomposition was y=33.845e~ 00078r 
(R 2 =0.94). The decomposition rate constant was 0.008 day' 1 , 
consequently £50 and t 99 were 89 and 641 days, respectively. 
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Fig. 1: Litter production dynamics of Ochlandra setigera 
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Fig. 2 : Pattern of litter decomposition of Ochlandra setigera (coloured 
line shows the actual weight loss and other the predicted mass loss). 

Nutrient release 

The concentrations of N, P, K, Ca and Mg in the monthly re¬ 
trieved litter samples of O. setigera are shown in Fig. 3. Of the 
five nutrients, N was in the highest concentration in litter. The N 
concentration of the litter mass declined until 210 days after 
incubation which indicated the release of nutrients. An increase 
in nitrogen concentration was observed from 210 to 300 days 
indicating accumulation phase. Thereafter, N concentration de¬ 
clined steadily. 

Phosphorous showed an initial accumulation phase of up to 60 
days followed by a decline of up to 240 days and subsequent 
increase to reach the highest P concentration at 360 days from 
which P concentration declined thereafter. 

With some exceptions, K content of the litter declined until 
300 days indicating continuous release of K. After 300 days a 
slight increase was recorded. 

Calcium concentration of litter mass declined until 120 days 
followed by a sudden accumulation at 150 days after incubation. 
Thereafter, the concentration fluctuated. 

Mg concentration in litter mass declined until 210 days and it 
was followed by an accumulation phase and subsequent decline. 


Analysis of variance revealed significant differences in monthly 
nutrient concentration at one per cent level indicating significant 
variation in N, P, K, Ca and Mg concentration of the monthly 
retrieved litter samples. 



Period (days) 


Fig. 3 : Nutrient concentrations in the monthly retrieved litter samples of 
Ochlandra setigera 

The percentage nutrient in the remaining litter mass was com¬ 
puted from residual nutrient concentrations and litter mass. There 
was faster release of nutrients in the initial stages of decomposi¬ 
tion corresponding to the onset of the southwest monsoon and 
slowing later (Fig. 4). The percentage release of nutrients from 
the decomposing litter mass during incubation is given in Fig. 5. 
Nutrient release rates were all rapid in the early stages of de¬ 
composition but slowed later. Hence, a negative exponential 
model was fitted (y=e' kr ). The relation between time and the rate of 
nutrient release was analyzed using regression analysis. The 
exponential regressions equation used to describe mass loss 
through time were significant (p = 0.01). The equations were 


y= 167.56e- 00084 ', 

R 2 = 0.95 

(3) 

_F=140.71e' 00065 ', 

R 2 = 0.68 

(4) 

y= 166.72e- 00075 ', 

R 2 = 0.96 

(5) 

j/=129.76e- 0012( \ 

R 2 = 0.92 

(6) 


R 2 = 0.79 

(7) 


where, y is the fraction of nutrient release at time t and initial 
nutrient release. The equations 3,4, 5, 6, 7, are for N, P, K, Ca and 
Mg. The decomposition rate constants, half-life and times for 99% 
decomposition are listed in Table 1. Phosphorous recorded the 
lowest k value and consequently longest half-life. Nutrients were 
released in the order Ca> N> K> Mg> P. 



Time (days) 


Fig. 4 : The percentage nutrient remaining in the litter mass during de¬ 
composition of Ochlandra setigera 
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Fig. 5 : The percentage release of nutrients from the decomposing litter 
mass of Ochlandra setigera during the incubation 


Table 1: The litter decay constant and time required for decomposition of 
Ochlandra setigera 


Nutrient 

K value 

Co 

tg<9 

N 

0.0084 

83 

595 

P 

0.0065 

107 

769 

K 

0.0075 

92 

667 

Ca 

0.0120 

58 

417 

Mg 

0.0073 

95 

685 


Discussion 

Litter deposition and decomposition 

Litterfall as the first phase of the biogeochemical cycle returns 
nutrients to the soil (Lebret et al. 2001). It is a fundamental pro¬ 
cess in nutrient cycling and is the main means of transfer of or¬ 
ganic matter and mineral elements from vegetation to the soil 
surface (Regina et al. 1999; Robertson and Paul 1999). Much of 
the annual gain of energy and dry matter of plants is shed as litter, 
which, through decomposition, plays a major role in ecosystem 
structure and function (Christensen 1975). 

Evaluation of litterfall production is important for understand¬ 
ing nutrient cycling of ecosystems. Litter production varies with 
climate, season, substrate quality and type of vegetation (Vi- 
tousek et al. 1994). Knowledge of litter production is important 
when estimating nutrient turnover, C and N fluxes, and C and N 
pools in ecosystems. Proctor (1987) reported that the litter ac¬ 
cumulation of forest floor mass is usually low in moist topical 
forests and in many ecosystems amounts to only 2 to 11 t ha' 1 . 
Litter deposition in our O. setigera stand was near to the range 
reported by Proctor (1987). 

Litter production by Ochlandra setigera was low compared to 
that of most tropical and sub-tropical bamboo species (Tripathi 
and Singh 1994; Christanty et al. 1996; Shanmughavel and Fran¬ 
cis 1996; Isgai et al. 1997; Upadhyaya et al. 2008). However, 
litter deposition in the present study was greater than that re¬ 
ported for Dendrocalamus strictus (Joshi et al. 1991) and Arun- 
dinaria racemosa (Upadhyaya et al. 2008). Although litter pro¬ 
duction and climatic factors were not significantly correlated, the 
correlation was negative with minimum temperature, rainfall and 
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humidity and positive with maximum temperature. Similar to our 
study, marked seasonal variation in litter accumulation was re¬ 
ported by many scientists (Austin and Vitousek 2000; Pragasan 
and Parthasarathy 2005; Bhat et al. 2009; Ndakara 2011). They 
reported an increase in monthly litter production during the dry 
season and lower litter production in the wet season. We ob¬ 
served a similar trend in the present investigation. One of the 
direct effects of dry season on bamboos is water stress, when 
moisture availability is limited and air temperatures also rise. 
Thus the periodicity of litterfall in general could be viewed as an 
effect of water stress. The lower litter production in the present 
study also might be due to smaller clump size and biotic dis¬ 
turbances by humans and animals. Frequent attack by elephants 
was common during the study period and led to destruction of 
bamboo clumps. 

O. setigera was grown as an understorey species in 
semi-evergreen area near a stream. The annual inputs of nutrients 
to the soil via litter deposition (kg ha 1 ) were in the order N 
(33.182) > K (11.609) > Ca (7.488) > P (4.338) >Mg (1.941). 

Mass loss rates during litter decomposition were higher during 
the rainy season, due to the rapid multiplication and intense ac¬ 
tivity of microbes. As a result, most easily decomposable sub¬ 
stances are lost from the system (Palm and Rowland 1997; Berg 
and Matzner 1997). With the release of easily decomposable 
materials, relatively more decay-resistant materials remained in 
the litterbags and this caused a decrease of mass loss during sub¬ 
sequent months. 

The decomposition rate constant for O. setigera (0.24) was 
slightly higher than that for O. travancorica (0.23) in Vazhachal 
of Thrissur district in the southern Western Ghats of India 
(Sujatha et al. 2003). Decay rate constants in tropical plantations 
are reported to range between 0.11-2.00 (O’connell and Sanka- 
ran 1997). The k values calculated at the end of decomposition in 
the present study corroborate this range. Initial N (Meentemeyer 
and Berg 1986) and lower C:N ratio (Swift et al. 1979) have 
been well correlated with weight loss during decomposition. 
Initial litter chemistry of O. setigera is depicted in Fig. 6. Among 
the nutrients, carbon (29.07%) was the major component, fol¬ 
lowed by nitrogen. The nutrient in lowest concentration was Mg. 



Fig. 6 : Initial chemistry of the of Ochlandra setigera 

The ratios of carbon to N, P and K also varied: the C:N ratio 
was 22.62; C:P ratio was 183.09; and C:K ratio was 63. Litter 
decomposition was negatively correlated with N concentration (r 
= -0.903), Ca (r = -0.857) and C (r = -0.979). The C:N and C:P 
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ratios were also negatively correlated and r values were -0.922 
and -0.602, respectively. Seneviratne (2000) suggested that N 
proportions lower than 2% limit the decomposition of tropical 
litter. The lower decomposition rates in this species may be 
attributed to lower nitrogen content and lower C:N ratio. 
Relationships between decay rates and litter P concentrations 
have been reported for sites where P availability is low due to 
either edaphic factors or N deposition (Vitousek et al. 1994). 
Indices that incorporate both C chemistry and nutrient content, 
such as C:N or lignin:N or C:P ratios, are often negatively 
correlated with early decay rates (Moore et al. 2006). 

The C: N ratio is a good indicator of whether net mineraliza¬ 
tion or immobilization will occur during decomposition. Since 
the litter mass had C: N ratios less than 30:1, it can be assumed 
that mineralization took place during litter decomposition. Sig¬ 
nificant correlation between litter decomposition and climatic 
factors (p <=0.05 in all cases) was recorded in the present study. 
Litter decomposition was negatively correlated with maximum 
temperature (r =-0.564) and positively correlated with rainfall (r 
=0.647) and relative humidity (r =0.518). The relatively slow 
decomposition of bamboo leaf litter should lead to accumulation 
of soil organic matter over time and is expected to provide bene¬ 
fits of mulching. Because of the accumulation of leaf mulch 
bamboo serves as an efficient agent in preventing soil erosion 
and conserving soil moisture (Yadav 1963) 

Nutrient release from decomposing litter 

Declining concentrations of N, K, Ca and Mg were observed in 
the initial stages of decomposition, indicating nutrient release, 
whereas P showed an initial accumulation phase. The decline in 
N is associated with loss of easily leachable components of litter 
mass. The increase in N after initial release is associated with 
microbial fixation of atmospheric N 2 inputs from external 
sources like throughfall and microbial immobilization (Laskow- 
ski et al. 1995). There are contrasting reports on concentration of 
P in decomposing litter mass. In some cases, the concentration of 
P has been reported to decrease, while others report that P re¬ 
mains constant or increases during decomposition. This is a 
characteristic of the leaf litter quality and the site, namely 
whether P is limited (Moore et al. 2006). Our results are incon¬ 
sistent with those of Sujatha et al. (2003) for O. travancorica 
where an increase in P concentration was recorded during de¬ 
composition. Attiwill (1968) found K was the most mobile ele¬ 
ment and this explains the rapid release of this nutrient. In con¬ 
trast to N and P, K is not bound as a structural component in 
plants and is highly water soluble. Attiwill (1968) reported that 
the loss of calcium from decomposing litter was slow due to its 
importance as a structural component. Many authors reported 
Mg dynamics in decomposing litter similar to the two-phase 
pattern recorded in our study (initial leaching phase and late 
immobilization phase (Blair 1988; Laskowski and Berg 1993; 
Hasegawam and Takeda 1997). Magnesium is not a structural 
material and exists mainly in solution in plant cells and thus 
leached out from litter in the initial phase of decomposition. 

The rank order of nutrient release rates in our study was Ca> 


N> K> Mg> P. Release of nitrogen from the litter mass was con¬ 
tinuous and did not include an accumulation phase. More than 
70% of nitrogen was released within 210 days corresponding to 
rainy and winter seasons (Fig. 4). The release of P was continu¬ 
ous until 210 days, followed by a rapid accumulation phase at 
240 days and minor subsequent accumulations. More than 80% 
of P was released within 210 days. K release was highest during 
the first month of incubation when more than 90% release oc¬ 
curred. Later, two slight accumulation phases were recorded. 
More than 60% of Ca was released within three months of incu¬ 
bation corresponding to the southwest monsoon and followed by 
an immobilization phase where 14% of Ca accumulated in litter 
mass. More than 80% of Mg released within 210 days. Four 
slight accumulation phases were recorded later. The release of 
nutrients from the litter mass was in synchrony with the growth 
of the new culms which were typically produced at the onset of 
monsoon season. 

Conclusions 

Litterfall density in O. setigera, a small clump-forming bamboo, 
was lower than for other bamboo species. Litter production was 
continuous but the quantity of litter produced varied by season 
and month. Nutrient concentrations in monthly litter samples 
varied by nutrient. Nutrient release from litter was continuous 
and it was in synchrony with the growth of the new culms. Since, 
this species has only limited distribution, it has to be conserved 
as a high priority and to be brought under cultivation. We rec¬ 
ommend that litter dynamics studies be conducted before intro¬ 
duction of a bamboo species into degraded or marginal lands. 
Further studies of other bamboo species are needed to improve 
understanding of nutrient requirements prior to bringing them 
into cultivation. 
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